A general and practical metal-free protocol for the synthesis of 1,2-dihydropyridines with a wide structural/functional diversity at the ring and featuring mono, double or spiro substitution at the sp 3 -position is described. The protocol entails a microwave-assisted domino reaction of a propargyl vinyl ether (secondary or tertiary) and a primary amine (aliphatic or aromatic) in toluene or methanol.
limitation, our own approach to these scaffolds 12b showed a particular structural restraint regarding internal alkynes (R 1 ≠ H, Scheme 2a). In these cases, the reaction did not tolerate an alkyl substituent at the propargylic position (R 2 ≠ Alk). This restriction has also been reported by Xu and col. 12c in their Au/Ag-catalyzed domino protocol. Interestingly, Kirsch and col. 12a have described an Au-catalyzed one-pot protocol which overrides this substituents restraint but poses a new structural limitation on the use of terminal alkynes. In this note we describe our advances in the development of a metal-free protocol able to deliver these important heterocyclic scaffolds with a wide structural/functional diversity at the ring and featuring mono, double or spiro substitution at the sp 3 -position. The protocol entails a microwave-assisted domino reaction involving a propargyl vinyl ether (secondary or tertiary) 18 and a primary amine.
The manifold constructs 1,2-DHPs featuring a wide array of topologies spanning from simple monocyclic scaffolds to spiro derivatives. The protocol tolerates a topologically diverse substitution pattern at the triene terminus of the 1-azatriene intermediate 7 which is directly delivered to the C-2 position of the final 1,2-DHP (Table 1) .
We undertook this work studying the reaction of the tertiary PVE 4a 19 (R 1 = H, R 2 = R 3 = Me; Table 1 ) and p-methoxyaniline (1.1 eq) under the microwave conditions established in our previous protocol [toluene,  (120 ºC, 150 W, 1h, closed vessel) ]. 12b Under these conditions, the quaternary 1,2-DHP 8a was cleanly obtained in an excellent 93% yield. Other tertiary PVEs also delivered the corresponding quaternary 1,2-DHPs in excellent yields. Thus, for example, the PVEs 4b and 4c were cleanly transformed into the corresponding products 8b and 8c in 92%
and 94% yield respectively. The manifold was able to transform the monocyclic tertiary PVEs 4d and 4e into the spiro derivatives 8d and 8e with high efficiency (94% and 93% respectively).
In our previous work, 12b we had performed the reaction of the secondary PVE 4f with (S)-1-phenylethanamine obtaining the chiral 1,2-DHP 8f in excellent yield (83%) but modest diastereoselectivity (75:25). However, when the tertiary PVE 4g was submitted to the same set of reaction conditions, the chiral quaternary 1,2-DHP 8g was obtained with the same high 20 Nevertheless, the two isomers could be separated by simple flash chromatography. When we attempted to perform the reaction using tertiary PVEs armed with internal alkynes (R 1 ≠ H), the yields considerably dropped down. This was the case of the spiro 1,2-DHP 8h which was obtained with a modest 43% yield. Fortunately, the use of methanol as the reaction solvent 21 reverted the reaction's efficiency back to the previous high levels, rendering the spiro derivative in 83% yield. Interestingly, the quaternary 1,2-DHP 8a could be also obtained under these new conditions (, methanol) but with a significant reduction in the yield (58%). These new conditions proved to be highly tolerant with the structure of the PVE (secondary or tertiary, internal alkyne) and the electronic nature of the primary amine (aliphatic or aromatic). It is remarkable the power of this reaction to generate diversity on the nitrogen atom regardless of the structure of the PVE: quite different primary amines (aliphatic, aromatic) are able to react with tertiary PVEs armed with electronically different alkyne moieties to afford the corresponding heterocyclic core with similar overall yields. This is the case of the spiro derivatives 8h (p-anisidine, 83%) and 8i (benzylamine, 82%), or 8j (aniline, 76%), 8k (methylamine, 79%) and 8l (p-anisidine, 77%). The reaction showed high tolerance with the electronic nature of the internal alkyne moiety of the PVE. It is remarkable the generation of the spiro 1,2-DHP 8m. In spite of the steric congestion that a tertbutyl group should introduce into the 1-azatriene intermediate 7m (Scheme 2b), this is formed and cyclized to generate 8m, although in a 15% yield. The reduction of the steric demand from a tert-butyl to a methyl substituent was mirrored in a net increase of the reaction efficiency (compare 8m with 8j-l). The reaction manifold also accepted acyclic tertiary PVEs to generate the corresponding quaternary derivatives (e.g., 8n, 81%). Cyclic tertiary PVEs 4o and 4p afforded the functionalized spiro 1,2-DHPs 8o and 8p in very good yields, although they need more time to be fully transformed into the final products. The extra functionalization incorporated at the spiro cycle (protected amine, masked ketone) constitutes a convenient chemical handle for further chemical access to this ring or for the generation of molecular complexity. Finally, the reaction was also able to override the structural limitation found in our previous model: the use of secondary PVEs armed with internal alkynes and alkyl substituents at the propargylic position. The 1,2-DHPs 8q-s are nice examples of this structural breakthrough. In these cases, the reaction needs more energy and more time (3h under 150 ºC and irradiation) to be accomplished.
It is interesting to note that 1,2-DHPs 8j-l exist in equilibrium as mixtures of the "methyl" and "methylene" tautomers (endocyclic or exocyclic double bond respectively) (see supporting information for details). In summary, we have enhanced the practicality and generality of our previous metal-free synthetic protocol for the access to 1,2-DHPs from propargyl vinyl ethers and primary amines.
This improved version delivers these important heterocyclic scaffolds with a wider diversity at the ring and mono, double or spiro substitution at the sp 3 -position. The protocol accepts secondary and tertiary propargyl vinyl ethers bearing internal or terminal alkyne moieties and aromatic and aliphatic primary amines. 5, 2954.0, 2118.6, 1702.3, 1641.0, 1438.3, 1333.5, 1294.9, 1169.8 3015.49, 2953.95, 2878.33, 2230.20, 1701.20, 1638.73, 1558.93, 1540.42, 1490.37, 1438.07, 1334.77, 1294.38, 1222.25, 1209.89, 1166.91, 1135.38, 1050.74 8, 77.7, 79.3, 98.3, 98.5, 158.9, 168.5 5, 51.1, 71.4, 85.1, 88.1, 98.6, 115.9, 121.8, 128.3, 128.9, 131.8, 136.7, 160.6, 168.1. IR (CHCl 3 , cm -1 ) 3082. 8, 3063.5, 3026.7, 3013.5, 2953.7, 2850.1, 2229.4, 2205.1, 1706.1, 1642.8, 1624.2, 1491.2, 1438.6, 1416.9, 1333.8, 1292.9, 1222.7, 1209.5, 1191.8, 1141.8, 1070.6, 1050.0 Representative procedure for the microwave-assisted reaction of propargyl vinyl ethers 4 with primary amines: propargyl vinyl ether 4a (1.0 mmol) and p-anisidine (1.10 mmol) in toluene (1 mL) were placed in a microwave-special closed vial and the solution was irradiated for 1 hour in a single-mode microwave oven (150 Watt, 120 ºC).
Experimental Section
After removing the solvent at reduced pressure the products were purified by flash column chromatography (silica gel, n-hexane/EtOAc 85/15) to yield 8a (254 mg, 93%).
Methyl 1-(4-methoxyphenyl)-6,6-dimethyl-1,6-dihydropyridine-3-carboxylate (8a):
(254 mg, 93%) yellowish oil. 8, 2952.8, 1683.8, 1635.7, 1560.2, 1509.2, 1441.7, 1266.2, 1233.3, 1109.2. MS (70 eV 2, 53.7, 68.1, 98.9, 121.0, 126.3 (2C), 126.5, 127.3 (2C), 127.5, 127.6 (2C), 128.8 (2C), 134.2, 138.6, 141.3, 149.9, 166.4. IR (CHCl 3 , cm -1 ) 3011.6, 2957 .3, 2873 .7, 1678 .5, 1623 .7, 1562 .4, 1495 .7, 1438 .2, 1395 .7, 1354 .8, 1324 .1, 1298 .8, 1225 .2, 1188 .7, 1148 .4, 1091 21.4, 21.5 (2C), 25.3, 35.7 (2C), 50.3, 60.9, 100.7, 114.6, 127.6, 128.9 (2C), 129.8 (2C), 130.3, 142.9, 148 3, 33.6 (2C), 40.1, 50.5, 60.0, 98.3, 108.8, 127.7, 128.9 (2C), 129.4 (2C), 133.7, 143.1, 147.3, 167.4. IR (CHCl 3 , cm -1 ) 3011. 9, 2943.2, 2860.0, 1733.1, 1678.3, 1625.6, 1573.7, 1494.0, 1438.1, 1292.2, 1232.0, 1093 21.4, 25.5, 33.4, 37.3 (2C), 50.1, 59.2, 98.4, 112.4, 130.5, 150.0, 167.2 21.5 (2C), 25.5, 31.3, 37.2 (2C), 39.6, 50.3, 58.0, 107.2, 133.8, 149.1, 167.5. IR (CHCl 3 , cm -1 ) 3010.0, 2941 .1, 2858 .6, 1670 .4, 1623 .9, 1588 .3, 1572 .0, 1439 .3, 1298 .1, 1154 .2, 1068 14.0, 22.9, 26.6, 36.9, 50.4, 55.4, 67.8, 98.1, 113.7 (2C), 121.5, 126.5, 126.9 (2C), 127.3 (2C), 127.6 (2C), 127.7, 128.2 (2C), 128.4 (2C), 133.9, 136.4, 141.4, 146.7, 148.4, 158.3, 166.6 . IR (CHCl 3 , cm -1 ) 2958. 8, 1681.9, 1630.7, 1560.5, 1509.4, 1438.2, 1280.9, 1237.0, 1182.3, 1099.8 4, 55.5, 60.2, 64.2, 64.3, 100.8, 107.7, 114.2 (2C), 115.4, 126.9, 127.5 (2C), 127.7 (2C), 130.3 (2C), 135.3, 136.9, 141.2, 148.8, 159.0, 166.6 . IR (CHCl 3 , cm -1 ) 3011. 7, 2952.6, 1682.7, 1548.8, 1509.6, 1438.5, 1368.7, 1281.2, 1236.2, 1172.3, 1105.7 2, 2840.0, 2360.3, 1684.5, 1618.3, 1557.7, 1511.0, 1437.6, 1231.3, 1037.0 3, 26.4, 27.2, 28.5, 43.3, 50.5, 55.6, 63.8, 106.3, 113.1, 114.8 (2C), 122.0 (2C), 126.7, 127.4 (2C), 127.5 (2C), 137.0, 138.7, 141.4, 144.3, 156.9, 166.6 17.6, 35.5, 50.5, 55.6, 58.3, 106.3, 114.4, 114.8 (2C), 121.0 (2C), 126.8, 127.5 (2C), 127.6 (2C), 136.3, 138.0, 141.1, 142.8, 156.8, 166.6; IR (CHCl 3 , cm -1 ) 3009.0, 2960 .3, 2839 .8, 2360 .5, 1684 .4, 1621 .8, 1557 .8, 1511 .0, 1437 .5, 1230 .9, 1036 
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Copies of 1 H and 13 C NMR spectra of the new compounds are available in the Supporting Information.
